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议题已有大量的研究和文献报道, 由于篇幅有限未能逐一列举. 此外, 本文所讨论的某些问题仍存争议、还需深入
的研究方能解答. 




1  疟疾与疟原虫 
疟疾是一种致命的疾病. 在2015年, 全球有2.14
亿人感染疟疾, 约有35万人因疟疾死亡[1]. 引起人患
















(acute respiratory distress syndrome, ARDS)、急性肾






















喹啉(如氯喹 (chloroquine, CQ)、阿莫地喹(amodiaquine, 
AMQ)和哌喹(piperaquine, PPQ))、8-氨基喹啉(如伯氨
















物产生抗性, 世界卫生组织(World Health Organiza-
tion, WHO)于2005年建议以青蒿素类药物联合疗法




虫清除(delay parasite clearance, DPC)的现象[9~11], 因
此必须时刻警惕青蒿素及其衍生物治疗在未来发生
完全失效的可能. 使用标准的72 h体外测药试验, 氯
喹抗性虫株, 以及乙胺嘧啶-磺胺多辛抗性虫株比敏






























体重, 用药3天), 延迟半数原虫清除时间(PC1/2)>5 h
和有K13基因突变型(在后面有详细讨论)定义为青蒿
素抗性虫株 [16,17]. 然而, 报道的PC1/2>5 h的虫株和
PC1/2<3 h的虫株它们之间的IC50值并没有多大差别. 
这是由于PC1/2会受到诸如宿主免疫力、发热、贫血
以 及 原 虫 密 度 等 因 素 的 影 响 , 这 些 因 素 可 能 造 成
PC1/2值多至2倍的差异 [16,17], 因此采集患者血液直
接测试很难对PC1/2表型进行精确测定. 为解决这一
问 题 , 研 究 人 员 建 立 了 一 种 名 为 环 状 体 生 存 试 验
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的是 , 在柬埔寨西部ACTs的治疗效果也在降低 , 例
如 , 双 氢 青 蒿 素 -哌 喹 复 方 (DHA/PPQ)的 治 愈 率 从











































的活性 , 且具有与毒胡萝卜素(也属于倍半萜内酯 , 







关联性 [33,34]. 这些研究不大可能获得有意义的信息, 














质 产 物 磷 脂 酰 肌 醇 -3- 磷 酸 (phosphatidylinositol-3- 
phosphate, PI3P)水平的升高可作为临床上和实验室
筛选的青蒿素抗性寄生虫的一个指标 . 最近报道的
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聚泛素化, 最终导致PfPI3K蛋白水解的减少, 从而增
加 PI3P的水平 [38]. 由于这是一个相对较新的发现 , 
此结果仍需深入研究才能确定.  
如果反应性自由基是杀死寄生虫的因子的假说
















用. 另一个与之相似的研究, Ismail等人 [40]也鉴定了
许多参与糖酵解、血红蛋白降解、抗氧化防御和蛋白
质合成途径的可能作用靶点. 同样, PfCRT, PfMDR1
和 PfATP6 (PF3D7_0106300, 钙 离 子 ATP酶 通 道 蛋























接触, 从而有利于减小抗药性产生的机率.  





















中 国 [51~55]. 将 3 种 不 同 的 K13- 螺 旋 桨 区 突 变 型
(C580Y, R539T和I543T)编辑成野生型的序列之后 , 
其原来的RSA0-3h抗性表型完全丧失, 进一步证实了
K13与青蒿素抗性的关系 [56]. 因此, K13的突变可增
加RⅠ型抗性, 但不能导致RⅡ和RⅢ型抗性.  
疟原虫对青蒿素及其衍生物的应答还涉及其他
一些基因 . 体外进行双氢青蒿素筛选恶性疟原虫可
导 致 pfmdr1 基 因 拷 贝 数 和 抗 氧 化 水 平 的 增 加 [57]. 
pfmdr1基因拷贝数减少后会造成寄生虫部分逆转对
蒿醚林酸(artelinic acid, AL)的抗性和增加对甲氟喹
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基因座位的扩增一般不稳定 , 在没有药物压力的情
况下pfmdr1的拷贝数将会发生变化.  
全基因组关联研究(genome-wide association studies, 
GWAS)也鉴定了大量与寄生虫对青蒿素及其衍生物
在体外或离体反应相关的基因或遗传位点 [59~62]. 尤
其令人感兴趣的是 , 自噬相关蛋白18 (ATG18)编码
基因的突变被发现与双氢青蒿素的敏感性降低 有
关 [62]. 此外 , 转录组分析显示青蒿素抗性和未折叠
蛋白反应途径表达的增加及环状体发育时间的延长
有相关性[63]. 还有, PfATP6, PfPI3K和PfEXP1的突变
也可能在寄生虫对青蒿素的应答或抗性中起一定的
作用[27,38,47].  























































(halofantrine, HAL)等药物的应答 [43,44,70,71]. 有报道
称, 双氢青蒿素/哌喹复方功效地降低可能是疟原虫





6  全民用药与根除疟疾 
ACTs用于疟疾治疗的成功也导致了人们对根除
疟疾的乐观想法 [76~78], 况且有几个研究已取得了良




















高配子体的清除率还需要进一步研究 [88]. 此外 , 伯
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Malaria is a disease that can be cured with antimalarial drugs if treated early and appropriately. However, parasites resistant to a 
new drug generally emerge within a few years after large-scale applications. Artemisinin (ART or Qinghaosu) combination 
therapies (ACTs) have become the major treatments for malaria after the emergence of parasites resistant to almost all classes 
of antimalarial drugs. Parasites with delayed parasite clearance (DPC) after ART or ACT therapies have also been reported in 
Southeast Asia, raising concerns of total failure of ART and its derivatives.  
Many classes of antimalarial drugs have been introduced to successfully treat malaria infections, including chloroquine, 
piperaquine, primaquine, mefloquine (MQ), pyrimethamine, sulfadoxine, ART and derivatives, etc. Regrettably, many of these 
drugs have been abandoned by many countries in malaria endemic regions due to the emergence of drug resistant parasites. 
According to World Health Organization, parasite responses to a drug can be classified into four categories (S, RI, RII, and 
RIII): Sensitivity (S) to a drug is defined as clearance of asexual parasitemia within seven days of the first day of treatment 
without recrudescence; Resistance RI is defined as clearance of asexual parasitemia as in sensitive parasites, followed by 
recrudescence; RII resistance is indicated by marked reduction of asexual parasitemia, but no clearance; and RIII resistance 
shows no marked reduction of asexual parasitemia. Currently, RII and RIII resistance to chloroquine, pyrimethamine, and other 
drugs have been widely reported; but residence to ART remains largely at R1 level. ART resistance was initially defined as 
parasites with half parasite clearance time (PC1/2)>5 h under a standard ART treatment regimen (three-day artesunate treatment 
at 2–4 mg kg1 d1). A second measurement is in vitro ring survival assay (RSA) that was developed based on the observation 
that the ring stages of some parasite strains could survive a short period of ART treatment. Another indicator of increasing ART 
tolerance is the elevated rate of recrudescence after ART or ACT treatments. 
The generation of highly reactive radicals via endoperoxide cleavage is critical for ART activation. Both free ferrous iron 
and heme have been proposed to be the predominant iron sources for ART activation. The heme required for ART activation 
can be derived from the parasite’s heme biosynthesis pathway at the early ring stage and/or from hemoglobin digestion at later 
stages. A large number of parasite molecules have been found to bind or interact with ART, most notably the Plasmodium 
falciparum ATPase 6 (PfATP6 or SERCA), phosphatidylinositol-3-kinase (PfPI3K), chloroquine resistance transporter (PfCRT), 
and multiple drug resistance 1 (PfMDR1). Recently, a gene encoding a parasite Kelch protein (“K13”) with a six-blade 
propeller domain was identified as a potential molecular marker of ART resistance in vivo (DPC>5 h) and in vitro (RSA). 
Various antimalarial drugs such as meflouine and piperaquine have been used as partner drugs in ACTs. However, parasites 
resistant to these partner drugs have also been reported, which may explain the reported slow parasite clearance after ACT 
treatment. The success of ACTs in treating malaria infections has generated optimism and proposals for malaria eradication by 
mass drug administration (MDA), and successes have been achieved from several studies. However, the impact of MDA on 
malaria transmission in the long term, especially in low- and moderate-transmission settings, and the potential consequences of 
developing drug resistance, requires careful evaluation. 
There are a large number of studies and publications on these related subjects, and it is impossible to include or cite all the 
publications in this review. Additionally, some of the issues discussed here are still being debated, requiring further investigation. 
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